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METAL-OXIDE VARISTORS (MOVS) IN
GRID CORD CONNECTOR

TECHNOLOGICAL FIELD

Example embodiments of the present invention generally
relate to power transier devices and more particularly relate
to an electrical switchgear assembly.

BACKGROUND

An electrical connector 1s an apparatus used to transfer
clectricity from a power supply to a utility device. The
clectrical connector contains multiple components working
together to provide a rated supply to the utility device. The
multiple components present 1n the electrical connector also
protect the utility device from damage during a fault con-
dition. Therefore, the electrical connector 1s subjected to
various testing methods before being made available to the
user. Although the electrical connectors have multiple com-
ponents, some components may be disconnected during
certain tests. This 1s done because those components may
not withstand the voltage and current levels of some testing,
methods. Conventionally, the components that need to be
disconnected are disassembled before the test and subse-
quently reconnected 1n the electrical connector after the test
1s complete. The reconnection 1s done to provide the elec-
trical connector as a single device package. However, this
requires a separate assembly station for reconnection and 1s
uneconomical. Further, assembling the components again 1s
laborious, reduces factory output, and negatively impacts
time to market.

SUMMARY

An electrical connector assembly may include: a utility
device comprising a plurality of pins; a socket attached to a
cord, the socket comprising a plurality of receptacles to
receive the plurality of pins; and one or more metal-oxide
varistors (MOVs) disposed inside the socket, where the one

or more MOV:s are electrically connected to the plurality of

pins when the plurality of pins are received by the plurality
ol receptacles.

In additional electrical connector assembly embodiments,
the socket may further comprise a first end and a second end,
where the first end may be distal from the second end, and
where the first end may be proximate openings of the
plurality of receptacles. In additional electrical connector
assembly embodiments, the second end may be proximate
the one or more MOVs. In additional electrical connector
assembly embodiments, the plurality of receptacles further
comprises at least one coaxial ring to receirve a ground pin
of the plurality of pins.

In additional electrical connector assembly embodiments,
the socket may further comprise: an mner socket; and an
outer case, where the outer case may be circularly arranged
around the mner socket and defining a gap therebetween,
where the outer case may be rotatably engaged to the cord.
In additional electrical connector assembly embodiments,
the utility device may further comprise: an outer wall
defining a chamber to receive the inner socket, where the
outer wall comprises a retention structure adapted to engage
with an engagement structure to secure the outer case to the

utility device to prevent disengagement of the plurality of

pins from the plurality of receptacles.
In additional electrical connector assembly embodiments,
the retention structure comprises a groove defined by an
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outer surface of the outer wall. In additional electrical
connector assembly embodiments, the engagement structure
comprises a protrusion extending radially inwardly from an
inner surface of the outer cover. In additional electrical
connector assembly embodiments, the groove comprises: a
first portion extending axially from an end of the utility
device to facilitate an 1nsertion of the protrusion inside the
groove; and a second portion extending circularly from the
first portion and arranged along at least a portion of a
circumierence of the outer wall, where the protrusion may
be engaged with the second portion to secure the outer case
with the utility device.

In additional electrical connector assembly embodiments,
the plurality of pins comprise: a communication pin; two
power pins; and a ground pin. In additional electrical con-
nector assembly embodiments, the communication pin has a
shortest length of the plurality of pins. In additional elec-
trical connector assembly embodiments, the ground pin has
a longest length of the plurality of pins. In additional
clectrical connector assembly embodiments, the plurality of
receptacles comprise: a communication receptacle config-
ured to receive the communication pin; two power recep-
tacles configured to receive the two power pins; a ground
receptacle configured to receive the ground pin; and a
coaxial ring coaxial to the ground receptacle, where the
coaxial ring may be configured to receive the ground pin
before the ground receptable.

In additional electrical connector assembly embodiments,
the plurality of pins comprise: a communication pin; two
power pins; and two ground pins. In additional electrical
connector assembly embodiments, the plurality of recep-
tacles comprise: a communication receptacle configured to
receive the communication pin; two power receptacles con-
figured to receive the two power pins; and two ground
receptacles configured to receive the two ground pins.

Another electrical assembly embodiment may include: a
utility device comprising a plurality of pins; a socket
attached to a cord, the socket comprising a plurality of
receptacles to receive the plurality of pins; and one or more
metal-oxide varistors (MOVs) disposed inside the socket,
where the one or more MOV are electrically connected to
the plurality of pins when the plurality of pins are received
by the plurality of receptacles; one or more engagement
structures of the socket; an 1nner wall of the utility device
defining a chamber to receive the one or more engagement
structures of the socket, where the inner wall comprises a
retention structure adapted to engage with the one or more
engagement structures to secure the socket to the utility
device to prevent a disengagement of the plurality of pins
from the plurality of receptacles.

In additional electrical assembly embodiments, the socket
may further include: an inner socket; and an outer case,
where the outer case may be circularly arranged around the
inner socket, and where the outer case may be rotatably
engaged to the cord. In additional electrical assembly
embodiments, rotation of the outer case relative to the inner
socket secures the socket to the utility device by securing the
one or more engagement structures of the socket in the
retention structure of the utility device.

Another electrical assembly embodiment may include: a
utility device comprising a plurality of pins, where the
plurality of pins comprise: one or more communication pins;
two or more power pins; and one or more ground pins; a
socket comprising a plurality of receptacles to receive the
plurality of pins, where the plurality of receptacles comprise:
one or more communication receptacles configured to
receive the one or more communication pins; two or more
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power receptacles configured to receive the two or more
power pins; and one or more ground receptacles configured
to receive the one or more ground pins; one or more
metal-oxide varistors (MOVs) disposed inside the socket,
where the one or more MOVs are electrically connected to
the plurality of pins when the plurality of pins are recerved
by the plurality of receptacles.

In additional electrical assembly embodiments, the one or
more ground pins are longer than each other pin of the
plurality of pins, such that the one or more ground pins make
contact with the one or more ground receptacles before each
other pin of the plurality of pins makes contact with each
other receptacle of the plurality of receptacles.

The foregoing summary 1s 1illustrative only and 1s not
intended to be 1n any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and {features will
become apparent by reference to the drawings and the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are illustrated by
way ol example and not limitation 1n the figures of the
accompanying drawings, which may not be drawn to scale,
and 1n which:

FIG. 1A shows a perspective partially transparent view of
an exemplary electrical connector assembly, 1n accordance
with an example embodiment of the present invention;

FIG. 1B shows a perspective view of an alternate elec-
trical connector assembly, 1n accordance with an example
embodiment of the present ivention;

FIG. 2 shows an exemplary plug and socket assembly
corresponding to the electrical connector assembly of FIG.
1A, having four pins, in accordance with an example
embodiment of the present invention;

FIG. 3A shows an exemplary plug and socket assembly
corresponding to the electrical connector assembly of FIG.
1A, having five pins, in accordance with an example
embodiment of the present invention;

FIG. 3B shows an alternate plug and socket assembly
corresponding to the electrical connector assembly of FIG.
1A, having five pins, in accordance with an example
embodiment of the present invention; and

FIG. 4 shows another embodiment of an exemplary
socket assembly, 1n accordance with an example embodi-
ment of the present invention.

DETAILED DESCRIPTION

The description herein 1s made for the purpose of illus-
trating the general principles of the embodiments disclosed
herein and 1s not meant to limit the concepts disclosed
herein. Further, particular features described herein can be
used 1n combination with other described features in each of
the various possible combinations and permutations. Unless
otherwise specifically defined herein, all terms are to be
given their broadest possible iterpretation including mean-
ings 1mplied from the description as well as meanings
understood by those skilled 1n the art and/or as defined in
dictionaries, treatises, etc.

In the following description, for purposes of explanation,
numerous specific details are set forth 1n order to provide a
thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art that the present
invention may be practiced without these specific details.
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The embodiments are described herein for illustrative
purposes and are subject to many variations. It 1s understood
that various omissions and substitutions of equivalents are
contemplated as circumstances may suggest or render expe-
dient but are intended to cover the application or implemen-
tation without departing from the spirit or the scope of the
present invention. Further, 1t 1s to be understood that the
phraseology and terminology employed herein are for the
purpose of the description and should not be regarded as
limiting. Any heading utilized within this description 1s for
convenience only and has no legal or limiting effect.

Various embodiments provide an electrical connector
assembly having a plug and a socket. The electrical con-
nector assembly eliminates the need for a separate assembly
line 1n a factory for reassembling components after performs-
ing testing procedures. For example, the electrical connector
assembly eliminates the need for disassembling a metal-
oxide varistor (MOV) and a ground wire during End of Line
(EoL) testing and subsequent reassembling after the comple-
tion of the EoL testing. In some embodiments, the electrical
connector assembly also provides a locking mechanism to
ensure the socket 1s securely mounted on the plug thereby
preventing sudden disengagement due to one or more exter-
nal factors like weather, vandalism, or the like. The electrical
connector assembly ensures the safety of the user by having
an additional ground pin and communication pins as dis-
closed herein.

FIG. 1A 1illustrates a perspective partially transparent
view of an exemplary electrical connector assembly 100, in
accordance with an example embodiment of the present
invention. The connector assembly 100 includes a utility
device 103 and a socket 105. The utility device 103 includes
an outer wall 109 defining a chamber 119 to receive the
socket 105. The outer wall 109 includes a retention structure
121 adapted to engage with an engagement structure 123 of
the socket 105 to secure the socket 105 to the utility device
103 during charging. The retention structure 121 may be a
groove 125 defined by an outer surface of the outer wall 109.
The utility device 103 includes a plurality of pins 107
disposed 1inside the chamber 119 at an end, as shown 1n
FIGS. 2-3. The plurality of pins 107 are adapted to be
inserted mto a plurality of receptacles 111 disposed inside
the socket 105, as shown i FIGS. 2-3. The plurality of
receptacles 111 are adapted to receive the plurality of pins
107 at a first end 113 of the socket 105. The first end 113 of
the socket 105 may be distal from the cord and proximate
openings of the plurality of receptacles 111. The plurality of
receptacles 111 and/or the plurality of pins 107 disposed in
the plurality of receptacles 111 are electrically connected to
one or more metal-oxide varistors (MOVs) 115 at a second
end 117 of the socket 103. The second end 117 of the socket
105 may be disposed within a cover of the socket 105 and
distal from the first end 113 of the socket 103.

As the one or more MOVs 115 are not present inside the
utility device 103 of the connector assembly 100, the utility
device 103 may be assembled subjected to various testing
procedures irrespective of the one or more MOVs 115.
Therefore, dismantling and reassembling components pres-
ent 1nside the utility device 103 of the electrical connector
assembly 100 1s eliminated. In some embodiments, the
clectrical connector assembly 100 may be used to transfer
power from a charging station to a vehicle. In such cases, the
utility device 103 of the electrical connector assembly 100
1s connected to the vehicle-side to transier power from the
charging station to a battery of the vehicle. In some embodi-
ments, the utility device 103 of the electrical connector
assembly 100 comprising the plurality of pins 107 may be a
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four-pin configuration as discussed 1n FIG. 2 or a five-pin
configuration as discussed in FIG. 3A.

FIG. 1B shows a perspective view of an alternate elec-
trical connector assembly 126, in accordance with an
example embodiment of the present invention. The connec-
tor assembly 126 shown in FIG. 1B may have a twist
connector disposed on an inside wall of the connector
assembly 126 in some embodiments so as to reduce a risk of
damage 11 the assembly 126 1s dropped as compared to the
twist connector disposed on an outer wall of the connector
assembly as 1 FIG. 1A. The connector assembly 126
includes a utility device 128 and a socket 130. The utility
device 128 includes an mner wall 132 defining a chamber
134 to receive the socket 130. The mner wall 132 includes
a retention structure 136 adapted to engage with one or more
engagement structures 138, 140 of the socket 130 to secure
the socket 130 to the utility device 128 during charging. The
retention structure 136 may be a groove 142 defined by an
inner surface of the inner wall 132. The utility device 128
includes a plurality of pins (not shown in the figure) dis-
posed inside the chamber 134 at an end, as shown 1n FIGS.
2-3. The plurality of pins i1s adapted to be inserted nto a
plurality of receptacles (not shown in the figure) disposed
inside the socket 130, as shown 1n FIGS. 2-3. The plurality
of receptacles 1s adapted to recerve the plurality of pins at a
first end 144 of the socket 130. The first end 144 of the
socket 130 may be distal from the cord and proximate
openings of the plurality of receptacles. The plurality of
receptacles and/or the plurality of pins disposed in the
plurality of receptacles may be electrically connected to one
or more metal-oxide varistors (MOVs) at a second end 146
of the socket 130. The second end 146 of the socket 130 may
be disposed within a cover of the socket 130 and distal from
the first end 144 of the socket 130.

FI1G. 2 shows an exemplary plug and socket assembly 200
corresponding to the electrical connector assembly of FIG.
1A having four pins, in accordance with an example embodi-
ment of the present invention. The plug and socket assembly
200 comprise a plurality of pins 107 disposed inside the
utility device (103, FIG. 1A). In a preferred embodiment, the
plurality of pimns 107 may comprise four pins 202a, 204a,
206a, and 208a. The pin 202q has a length and diameter that
1s relatively less when compared with the remaining pins
204a, 206a, and 208a. The pin 202a 1s a communication pin
that transmits communication signals between the utility
device (103, FIG. 1A) and the socket (105, FIG. 1A). The
length and diameter of the pin 202aq 1s relatively shorter to
ensure that the pin 202a breaks first when the utility device
(103, FIG. 1A) and the socket (1035, FIG. 1A) are pulled
apart and connects last when the utility device (103, FIG.
1A) and the socket (105, FIG. 1A) are pushed together. That
1s, the pin 202a makes contact with receptacle 2025 after all
the remaining pins are connected so that the pin 202a can
transmit the communication signal to the utility device
circuit that the electrical connector assembly 100 1s con-
nected successiully. However, when a fault occurs or when
external stress 1s applied to the electrical connector assembly
100, the pin 202a breaks first so that the communication
signal 1s interrupted for the utility device circuit and charg-
ing though the electrical connector assembly 100 may be
stopped. The pins 204a and 206a are power pins that are
used to transfer power from the power supply mains. The pin
208a 1s a ground pin that 1s used to connect the electrical
connector assembly 100 to the ground. The ground pin 208a
provides crucial ground protection to the user. The pin 2084
comprises a length that 1s relatively greater than the remain-
ing pins. The length of the pin 208a 1s relatively greater than
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the remaiming pins to ensure that the electrical connector
assembly 100 1s first connected to the ground before making
contact with the power supply mains thereby protecting the
user and/or the electrical connector assembly 100.

The plug and socket assembly 200 comprises a plurality
of receptacles 111 disposed inside the socket (105, FIG. 1A).
In a preferred embodiment, the plurality of receptacles 111
may comprise four receptacles 20256, 2045, 2065, and 2085b.
The plurality of receptacles 111 further comprises at least
one coaxial ring 210. The coaxial ring 210 1s adapted to be
coaxial to the receptacle 208b. The receptacle 2085 1is
adapted to recerve the ground pin 208a of the plurality of
pins 107. The coaxial ring 210 ensures that the ground pin
208a 1s securely connected to the receptacle 2085 thereby
ensuring the satety of the user. The four receptacles 2025,
2045, 2066, and 2085 of the plurality of receptacles 111 are
adapted to recerve the four pins 2024, 204a, 2064a, and 208a
of the plurality of pins 107, respectively. The plurality of
pins 107 and the plurality of receptacles 111 enables the plug
and socket assembly 200 to transfer power from the power
supply mains to the utility device such as a battery of an
electric vehicle. In some embodiments, the electrical con-
nector assembly 100 may be configured with a plug and
socket assembly having five pins as discussed 1n FIG. 3A.

FIG. 3A shows an exemplary plug and socket assembly
300 corresponding to the electrical connector assembly of
FIG. 1A having five pins, in accordance with an example
embodiment of the present invention. The plug and socket
assembly 300 comprises a plurality of pins 107 disposed
inside the utility device (103, FIG. 1A) of the electrical
connector assembly 100. In a preferred embodiment, the

plurality of pins 107 may comprise five pins 302a, 304aq,
3064, 308a, and 310qa. The plug and socket assembly 300 of

FIG. 3A differs from the plug and socket assembly 200 of
FIG. 2 in that the plug and socket assembly 300 comprises
an additional ground pin 304a in parallel to a utility ground
pin 302a. Further, the plug and socket assembly 300 having
five pins does not contain an additional coaxial ring for
securing the ground pin.

The plug and socket assembly 300 comprises a plurality
of receptacles 111 disposed inside the socket 105. In a
preferred embodiment, the plurality of receptacles 111 may
comprise five receptacles 3025, 3045, 30656, 308H and 3105.
The pins 302aq and 304a are ground pins that ensure the
clectrical connector assembly (100, FIG. 1A) 1s securely
connected to the ground during fault conditions. The ground
pins 302q and 304a may connect the MOVs to the utility
ground circuit. In some embodiments, the two ground pins
302a and 304a may be longer than the other pins so as to be
connected first. The MOVs are connected to one ground
socket and the utility ground to the other ground socket. The
two ground pins 302a and 3044 may be connected together
in the device. Once the connector 1s mated, the two con-
nected ground pins 302a and 304a may connect the MOV's
to the utility ground. The pins 306a and 308a are power pins
that are used to transfer power from the power supply mains.
The pin 310a 1s the communication pin.

The plug and socket assembly 300 comprises a plurality
of receptacles 111 disposed inside the socket (105, FIG. 1A).
In a preferred embodiment, the plurality of receptacles 111
may comprise five receptacles 3025, 3045, 3065, 3085 and
310b. The five receptacles 3025, 304b, 30656, 3085, and 3105
of the plurality of receptacles 111 are adapted to receive the
five pins 302a, 304a, 306a, 308a, and 310q of the plurality
of pins 107, respectively. The plurality of pins 107 and the
plurality of receptacles 111 enables the plug and socket
assembly 300 to transfer power from the power supply
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mains to the utility device. The plurality of receptacles 111
1s adapted to receive the plurality of pins 107 at the first end
of the socket (105, FIG. 1A), as discussed 1n FIG. 4.

FIG. 3B shows an alternate plug and socket assembly 301
corresponding to the electrical connector assembly of FIG.
1A, having five pins, in accordance with an example
embodiment of the present invention. The plug and socket
assembly 301 comprises a plurality of pins 107 disposed
inside the utility device (103, FIG. 1A) of the electrical
connector assembly 100. In a preferred embodiment, the

plurality of pins 107 may comprise five pins 322a, 324a,
326a, 328a, and 330a. The plug and socket assembly 300 of

FIG. 3B differs from the plug and socket assembly 300 of
FIG. 3A 1n that the ground pins 328a and 330aq are longer
and make or break contact first.

The plug and socket assembly 301 comprises a plurality
of receptacles 111 disposed inside the socket 105. In a
preferred embodiment, the plurality of receptacles 111 may
comprise five receptacles 3225, 3245, 3265b, 328b and 3305.
The pins 328a and 330a are ground pins that ensure the
clectrical connector assembly (100, FIG. 1A) 1s securely
connected to the ground during fault conditions. The ground
pins 328a and 330a may connect the MOVs to the utility
ground circuit. In some embodiments, the two ground pins
328a and 330q may be longer than the other pins so as to be
connected first. In other embodiments, the ground pins may
be shorter, such as shown in FIG. 3A. The MOVs are
connected to one ground socket and the utility ground to the
other ground socket. The two ground pins 328a and 330q
may be connected together 1n the device. Once the connector
1s mated, the two connected ground pins 3284 and 330a may
connect the MOV to the utility ground. The pins 3244 and
326a are power pins that are used to transfer power from the
power supply mains. The pin 322q 1s the commumnication
pin.

The plug and socket assembly 301 comprises a plurality
of receptacles 111 disposed 1nside the socket (105, FIG. 1A).
In a preferred embodiment, the plurality of receptacles 111
may comprise five receptacles 3225, 324b, 3265, 328b and
33056. The five receptacles 3225, 324b, 3260, 328b, and 3305
of the plurality of receptacles 111 are adapted to receive the
five pins 322a, 324a, 326a, 328a, and 330a of the plurality
of pins 107, respectively. The plurality of pins 107 and the
plurality of receptacles 111 enables the plug and socket
assembly 301 to transfer power from the power supply
mains to the utility device. The plurality of receptacles 111
1s adapted to receive the plurality of pins 107 at the first end
of the socket (105, FIG. 1A), as discussed 1n FIG. 4.

FIG. 4 shows another embodiment of an exemplary
socket assembly 105, in accordance with an example
embodiment of the present invention. The socket assembly
105 comprises an mner socket 402, and an outer case 404
attached to a cord 414. The outer case 404 1s circularly
arranged around the inner socket 402 and provides a gap 420
between the mner socket 402 and the outer case 404. The
outer case 404 1s rotatably engaged to the cord 414. The
socket assembly 105 further comprises a plurality of recep-
tacles 111. The plurality of receptacles 111 are adapted to
receive the plurality of pins (107, FIGS. 1-3) at a first end
406 of the socket assembly 105. The first end 406 corre-
sponds to the first end 113 of FIG. 1A. The plurality of

receptacles 111 are electrically connected to one or more
MOVs 408a-408¢ at a second end 410. In some embodi-

ments, the plurality of receptacles 111 may be electrically

connected to the one or more MOV's 408a-408¢ by a circuit
board 412. The one or more MOVs 408a-408¢ and the

second end 410 corresponds to the MOV 115 and the second
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end 117 of FIG. 1A, respectively. The one or more MOVs
408a-408c may be connected to the circuit board 412 by one
or more of soldering, welding, stamping, clamping, or the
like.

In some embodiments, the one or more MOV's 408a-408c¢
may be a plurality of MOV's 408a, 4085, and 408¢ connected
to the circuit board 412. In some embodiments, the second
socket 404 comprises an engagement structure 416 to lock
the outer case 404 with the utility device (103, FIG. 1A) to
prevent disengagement of the plurality of pins (107, FIGS.
1-3) from the plurality of receptacles 111. The engagement
structure 416 corresponds to the engagement structure 123
of FIG. 1A. In some embodiments, the second socket 404
comprises an aperture 418 through which an external lock
can be engaged to prevent disengagement of the plurality of
pins (107, FIGS. 1-3) from the plurality of receptacles 111.
In some embodiments, a temperature sensor may be dis-
posed on the circuit board 412 to measure internal tempera-
ture of the electrical connector assembly 100. The tempera-
ture sensor may provide an indication or an alert to the user
when the internal temperature of the electrical connector
assembly (100, FIG. 1A) exceeds a threshold temperature
value.

The socket assembly (105, FIG. 1A) of the electrical
connector assembly (100, FIG. 1A) ensures that the one or
more MOVs 408a-408¢c and the ground pins are connected
to the utility device (103, FIG. 1A) after utility device (103,
FIG. 1A) 1s subjected to various testing methods. In a
preferred embodiment, the socket (105, FIG. 1A) compris-
ing the MOVs 408a-408¢ and the ground pin 1s connected
alter the End of Line (EoL) testing 1s performed on the
clectrical connector assembly (100, FIG. 1A) and before
sealing the electrical connector assembly (100, FIG. 1A) as
a single umt. Thus, need for additional assembly stations to
dismantle and reassemble the multiple components of the
clectrical connector assembly 100 1s eliminated.

It 1s contemplated that various combinations and/or sub-
combinations of the specific features and aspects of the
above embodiments may be made and still fall within the
scope of the mmvention. Accordingly, 1t should be understood
that various features and aspects of the disclosed embodi-
ments may be combined with or substituted for one another
in order to form varying modes of the disclosed invention.
Further, 1t 1s intended that the scope of the present invention
herein disclosed by way of examples should not be limited
by the disclosed embodiments described above.

We claim:

1. An electrical assembly, comprising:

a utility device comprising a plurality of pins;

a socket attached to a cord at one end and having a
plurality of openings at the other end opposite to the
one end to allow the plurality of pins to be entered
therethrough, the socket comprising:

a plurality of receptacles to receive the plurality of pins,
wherein each of the receptacles extends along an axis
and including a first end at which one of the openings
1s formed and a second end opposite to the first end;
and

a circuit board positioned to face the second ends of the
plurality of receptacles, wherein the circuit board
includes a first surface facing the second ends and a
second surface opposite to the first surface;

one or more metal-oxide varistors (MOVs) disposed
between the second surface of the circuit board and the
cord inside the socket and connected onto the second
surface of the circuit board, wherein the one or more
MOVs are electrically connected to the plurality of pins
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through the circuit board disposed between the MOV
and the pins when the plurality of pins are received by
the plurality of receptacles.

2. The electrical assembly of claim 1, wherein the socket
turther comprises a first end and a second end, wherein the
first end 1s distal from the second end, and wherein the first
end 1s proximate openings ol the plurality of receptacles.

3. The electrical assembly of claim 2, wherein the second
end 1s proximate the one or more MOVs.

4. The electrical assembly of claim 1, wherein the plu-
rality of receptacles further comprises at least one coaxial
ring to recerve a ground pin of the plurality of pins, and
wherein each of the at least one coaxial ring has only one
hole through which only one of the ground pins passes.

5. The electrical assembly of claim 1, wherein the socket
turther comprises:

an 1nner socket; and

an outer case, wherein the outer case 1s circularly arranged
around the inner socket and defining a gap therebe-
tween, wherein the outer case 1s rotatably engaged to
the cord.

6. The electrical assembly of claim 5, wherein the utility

device further comprises:

an outer wall defining a chamber to receive the inner
socket, wherein the outer wall comprises a retention
structure adapted to engage with an engagement struc-
ture to secure the outer case to the utility device to
prevent a disengagement of the plurality of pins from
the plurality of receptacles.

7. The electrical assembly of claim 6, wherein the reten-
tion structure comprises a groove defined by an outer surface
ol the outer wall.

8. The electrical assembly of claim 7, wherein the engage-
ment structure comprises a protrusion extending radially
inwardly from an inner surface of the outer cover.

9. The electrical assembly of claim 8, wherein the groove
COmMprises:

a first portion extending axially from an end of the utility
device to facilitate an 1nsertion of the protrusion inside
the groove; and

a second portion extending circularly from the first por-
tion and arranged along at least a portion of a circum-
ference of the outer wall, wherein the protrusion 1s
engaged with the second portion to secure the outer
case with the utility device.

10. The electrical assembly of claim 1, wherein the

plurality of pins comprise:

a communication pin;

two power pins; and

a ground pin.

11. The electrical assembly of claim 10, wherein the
communication pin has a shortest length of the plurality of
pins.

12. The electrical assembly of claim 10, wherein the
ground pin has a longest length of the plurality of pins.

13. The electrical assembly of claim 10, wherein the
plurality of receptacles comprise:

a communication receptacle configured to receive the

communication pin;

two power receptacles configured to receive the two
power pins;

a ground receptacle configured to receive the ground pin;
and

a coaxial ring coaxial to the ground receptacle, wherein
the coaxial ring 1s configured to recerve the ground pin
betore the ground receptacle;

5

10

15

20

25

30

35

40

45

50

55

60

65

10

wherein each of the at least one coaxial ring has only one
hole through which only one of the ground pins passes.

14. The ceclectrical assembly of claim 1, wherein the
plurality of pins comprise:

a communication pin;

two power pins; and

two ground pins.

15. The electrical assembly of claim 14, wherein the
plurality of receptacles comprise:

a communication receptacle configured to receive the

communication pin;

two power receptacles configured to receive the two
power pins; and

two ground receptacles configured to receive the two
ground pins.

16. An electrical assembly, comprising;:

a utility device comprising a plurality of pins;

a socket attached to a cord at one end and having a
plurality of openings at the other end opposite to the
one end to allow the plurality of pins to be entered
therethrough, the socket comprising:

a plurality of receptacles to receive the plurality of pins,
wherein each of the receptacles extends along an axis
and including a first end at which one of the openings
1s formed and a second end opposite to the first end;
and

a circuit board positioned to face the second ends of the
plurality of receptacles, wherein the circuit board
includes a first surtface facing the second ends and a
second surface opposite to the first surface;

one or more metal-oxide varistors (MOVs) disposed
between the second surface of the circuit board and the
cord inside the socket and connected onto the second
surface, wherein the one or more MOV are electrically
connected to the plurality of pins through the circuit
board disposed between the MOV's and the pins when
the plurality of pins are received by the plurality of
receptacles; and

one or more engagement structures:

wherein the utility device turther comprises an inner wall
defining a chamber to receive the one or more engage-
ment structures of the socket, wherein the inner wall
comprises a retention structure adapted to engage with
the one or more engagement structures to secure the
socket to the utility device to prevent a disengagement
of the plurality of pins from the plurality of receptacles.

17. The electrical assembly of claim 16, wherein the
socket further comprises:

an inner socket; and

an outer case, wherein the outer case 1s circularly arranged
around the inner socket, and wherein the outer case 1s
rotatably engaged to the cord.

18. The electrical assembly of claim 17, wherein rotation
of the outer case relative to the inner socket secures the
socket to the utility device by securing the one or more
engagement structures of the socket in the retention structure
of the utility device.

19. An electrical assembly, comprising;:

a utility device comprising a plurality of pins, wherein the

plurality of pins comprises:

one or more communication pins;

two or more power pins; and

one or more ground pins;

a socket attached to a cord at one end and having a
plurality of openings at the other end opposite to the
one end to allow the plurality of pins to be entered
therethrough, wherein the socket comprises:
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a plurality of receptacles to receive the plurality of pins,
wherein each of the plurality of receptacles extends
along an axis, includes a first end at which one of the
openings 1s formed and a second end opposite to the
first end, and comprises: 5
one or more communication receptacles configured

to receive the one or more communication pins;
two or more power receptacles configured to recerve
the two or more power pins; and
one or more ground receptacles configured to receive 10
the one or more ground pins;

a circuit board positioned to face the second ends of the
plurality of receptacles, wherein the circuit board
includes a first surface facing the second ends and a
second surface opposite to the first surface; and 15

one or more metal-oxide varistors (MOVs) disposed
between the second surface of the circuit board and the
cord inside the socket and connected onto the second
surface, wherein the one or more MOV are electrically

connected to the plurality of pins through the circuit 20

board disposed between the MOVs and the pins when

the plurality of pins are received by the plurality of

receptacles.

20. The electrical assembly of claim 19, wherein the one

or more ground pins are longer than each other pin of the 25
plurality of pins, such that the one or more ground pins make
contact with the one or more ground receptacles before each
other pin of the plurality of pins makes contact with each
other receptacle of the plurality of receptacles.
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